Abstract: An effective approach is presented to eliminate the cross-terms in Wigner distribution by ICA (independent component analysis) and EMD (empirical mode decomposition), through which the cross-terms caused by the uncorrelated mixing signals can be removed successfully. This method is used for time-varying signal analysis and is powerful in signal feature extraction, especially for joint time frequency resolution, which is demonstrated by numerical examples. To further understand the method and its application, a detailed analysis about abrupt unbalance experimental example is shown to explain the cause of malfunction as well as its occurrence and phenomenon. In addition, the proposed approach based upon independent component analysis, empirical mode decomposition method and wigner distribution allows the separation and analysis of the sources with nonlinear and non-stationary properties. In this method, the main conceptual innovations are the associated introduction of 'source separation' and 'intrinsic mode functions' based on the local properties of the mixed signals, which makes the instantaneous frequency meaningful; the method serves to illustrate the roles played by the nonlinear and non-stationary effects in the energy-time-frequency distribution. At the same time, the method can also be expanded and applied in other fields.
Introduction:
Time-frequency analysis is an important research in signal analysis [1, 2, 3, 4, 5, 6, 7, 8, 9] . The Wigner distribution has many desirable characteristics proposed for time-frequency analysis and is extremely popular with the electrical engineering community.
The problem of the Wigner distribution lies in the severe cross terms as indicated by the existence of the negative power for some frequency ranges. The existence of cross-terms substantially reduces signal's time-frequency resolution. In practical applications, the observation is usually the mixture of many signal components. In contrast with mixing without weighting coefficient, here we consider that source signals .) Thus, the cross-terms exist in the Wigner distribution of signals. Although this shortcoming can be eliminated by using the Kernel method (see, for example, Cohen 1995), the result is basically that of a windowed Fourier analysis; therefore, it suffers all the limitations of the Fourier analysis. An extension of this method has been made by Yen (1994) , who used the Wigner Ville distribution to define the wave packets which reduce a complicated data set to a finite number of simple components. This extension is very powerful and can be applied to a variety of problems; yet the applications to the complicated data require a great amount of judgment.
In this study, it is shown that if the source signals are mutually uncorrelated, the cross-terms caused by signal mixing can be eliminated by the proposed time frequency on the basis of independent component analysis and empirical mode decomposition.
Problem formulation:
Independent component analysis (ICA) can recover source signals from observations without resorting to any prior knowledge except the independence of sources. Meanwhile, the independence sources may be compound or non-stationary signal; after ICA, it is necessary that signal be decomposed by EMD method. In the context of ICA, the N-dimensional observation vector
is modeled as a linear mixture of source vector.
is the unknown nonsingular mixing matrix and its element ij a is mixing coefficient,
The goal of ICA is to find a separating matrix, such that the components of reconstructed signal vector are mutually independent. In the context of ICA and EMD, the N-dimensional observation vector
is modeled as another linear mixture of single source vector.
is the unknown singular mixing matrix and its element ij b is mixing coefficient,
The goal of EMD is to find another separating matrix, such that the components of reconstructed signal vector are mutually independent and single.
The EMD method is a self-adaptive signal decomposition approach with the characteristics of high-pass filtering, favorable frequency choosing, and adaptive multi-resolution. The EMD results can be modulation signals, which enable EMD method to be applicable for non-stationary signals [10] . By comparing the un-decomposed with the decomposed signals, we can get whether the independent signal is single, compound or non-stationary. The aim of this research is to remove the cross-terms in the Wigner distribution of observation.
Since the amplitude and permutation ambiguity exist in the reconstructed signals in the ICA algorithm [11] , the problem has to be solved in procedure of eliminating the cross-terms. The ICA-EMD method is exploited for the recovery of auto-terms of independent components, and the desirable Wigner distribution is achieved by the sum of auto-terms. The total result of Wigner distribution is unchanged in sum expression of auto-terms although the permutation ambiguity of the reconstructed signals causes the permutation. Therefore, this ambiguity does not have effect on desirable distribution. In order to solve the problem of amplitude ambiguity, we try to recover the signal vector generated by each independent component on sensor array instead of recovering source vector. Thus, the observation vector is decomposed as )
is the signal vector generated by ith source on sensor array. The ) (n v i can be achieved by matrix inversion. While a separating matrix L is obtained by ICA-EMD method, the observation vector can be decomposed as
where I is the identity matrix, i E is a matrix with 1 for ith diagonal element and 0 for the other elements. Let 
Where ii WVD denotes the Wigner distribution of the ith signal, ij WVD denotes the multi-Wigner distribution of the ith and jth signals.
The Wigner distribution matrix of ( )
The above expression shows it is shown that the modified Wigner distribution does not contain cross-terms but produces desirable time-frequency features. The signal's Wigner distribution can be computed and the desirable Wigner distribution of observation is formed as follows.
Where n and k denote the time index and the frequency index respectively, j i r denotes the jth element of vector i s .
Proposed ICA-EMD method:
In proposed ICA-EMD method, time-frequency signal representations are exploited for identification of separating matrix. Therefore, the ICA-EMD-based time frequency method is suitable to the elimination of cross-terms in time-varying environment. Moreover, the effects of spreading the noise power while localizing the source energy in the time-frequency domain amount to increasing the SNR and hence, improving the performance.
The proposed ICA-EMD-based time frequency method is based on the joint diagonalisation of a set of Wigner distribution matrices before EMD. Since the off-diagonal elements of matrix ) , ( k n s s, W are cross-terms, this matrix is diagonal for each time-frequency point that corresponds to a true power concentration, i.e., signal auto-term. From the linear data model of equation (2), the Wigner distribution matrix of observation vector is given by
where superscript H denotes complex conjugate transpose.
The process begins with getting the whitened vector ) (n y by applying ) (n x to a whitening 
By eqns. 8 and 9, we obtain the key relation
where (12) over the set of unitary matrices
Note that the maximization of above criterion can be effectively achieved by Jacobi-like algorithm [14] .
Once the unitary matrix Û is estimated, its complex conjugate transpose H Û is just a separating matrix that corresponds to whitened signal vector y ( ) n . Then the signal vector ( ) The same signal and sample frequency, via a random mixing by white Gaussian noise with variance 1.The Wigner distributions are shown in Fig.1 , which become blurry. While in the real situation, signals that are detected would be much more complex and interfered by a lot of noise. Therefore, we need resort to other effective ways since the useful feature message cannot be extracted from detected signals by means of time-frequency analysis.
The EMD-Wigner distributions of the same signal, , sample frequency is 1000Hz. Two mixtures are generated via a random mixing matrix in the presence of white Gaussian noise with variance 1. the reconstructed ICA-EMD-Wigner distributions of signals are shown in Fig.3 ; the cross-terms are removed successfully and the results have proved the proposed method to be effective. Figure 4 represents the device of the abrupt unbalance experiment. A disc is in the middle of the rotor with two covers on both sides to avoid the escape of the unbalance part. The device above the cover is used to snap the unbalance part. When the rotor rotates at a high speed, the unbalance part is snapped abruptly and the rotor would be subjected to an abrupt unbalance force that changes its original state. The experiment is to simulate a malfunction when an airplane engine part falls off occasionally and collides with rotor.
The experimental signal of the abrupt unbalance is shown in Fig.5 . The signal indicates that a higher peak value exists when the unbalance part is snapped. The ICA-EMD-Wigner distribution of abrupt unbalance experimental signal 1 is shown in Fig. 6 . The transient spectrum is not apparent because the transmitter that received the signal is far away from the disc but still some high frequency spectrum can be seen. The ICA-EMD-Wigner distribution of abrupt unbalance experimental signal 2 is shown in Fig. 7 .In contrast with Fig.6 , the transmitter received the signal near the disc; hence there obviously exists some transient spectrum. Some transverse lines parallel to the frequency axis and some high frequency spectrum can also be seen. 
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Conclusions:
We have presented ICA-EMD for the recovery of auto-term of each independent component in Wigner distribution. It has shown that the ICA-EMD based time frequency is an effective method for the elimination of cross-terms in Wigner distribution and is verified by simulations in accordance with our prior analysis. At the same time, to further understand the method and its application. In this research, the common fault of abrupt unbalance has been modeled and studied. It is found that the more serious the abrupt unbalance, the more the number of impacts appearing in the high-frequency regions and the stronger the amplitude of these impacts. Since the impacts are hardly separable, particularly for the conditions of moderate and serious unbalance, the occurrence time and the period of the impacts are very difficult to be determined. The ICA-EMD-WVD method has substantially improved the readability of the results by reducing interference and enhancing the concentrations in both time and frequency domain. Hence, the occurrence time and the period of high-frequency impacts are possible to be determined. Therefore, this method is practicable as a new feature extraction approach of mechanical vibration and sound signal.
This method, analyzing the non-linear signals with its essential theories, is my research at present and will be further studied in my following work. The combination of independent Key Engineering Materials Vols. 293-294component analysis, empirical mode decomposition method and the Wigner distribution offers a powerful way of nonlinear and non-stationary mixed data analysis. Meanwhile, the method can be expanded and applied in many other fields.
